Summary Several studies are being conducted to assess the toxicity and cytotoxicity of water bodies receiving industrial and domestic effluents, using the Allium cepa test. To assess the toxicity and mutagenicity of water possibly contaminated with chromium, derived from tannery activities, seasonal water samplings were performed in 2001 and 2002 at five different sites along the Sapucaizinho river, Municipality of Patrocínio Paulista, State of São Paulo, Brazil. A. cepa seeds were used as the test material and were submitted to germination in waters from the different collection sites, in Milli-Q water (negative control) and in aqueous solution of chromium (positive control). For the determination of cell division rates and mitotic irregularities, slides were prepared with root tip cells according to the standard Feulgen methodology. The results showed that the collection sites most heavily compromised by chromium emission presented low mitotic indices and a higher frequency of mitotic changes such as irregular anaphases (disorganized, multipolar, laggard), cells with chromosomal adherences, cells with micronuclei, and binucleate and/or multinucleate cells.
0.1% HNO 3 medium were obtained by appropriate dilution of the standard solution of 1000 ppm Titrisol (Merck).
A. cepa seeds were used as test material. Seeds were submitted to germination in water obtained from the different collection sites. Seeds submitted to germination in Milli-Q water only were used as negative control. The aqueous solution of trivalent chromium (0.089 mg/l) was used as positive control. The assays were performed with seeds from a single A. cepa variety to avoid variations in the responses to the different steps of the procedure.
The seeds were submitted to two types of treatment: A) continuous treatment: soaking and germination of the seeds in the water derived from the collection sites; B) discontinuous treatment: the seeds were initially submitted to germination in Milli-Q water until reaching a length of 2 cm and then transferred to a Gerbox containing water from the collection sites and incubated for 20 h (acute treatment). After this period, some roots were randomly selected, while the remaining roots were maintained under the same conditions as described above until completing 72 h of treatment (chronic treatment) and then collected. For the assays performed with water samples collected in 2002, some roots were transferred to plates containing Milli-Q water after chronic treatment and incubated for a further 48 h (recovery treatment) before collection.
All root tips were fixed in Carnoy's solution diluted 3 : 1 (3 parts ethanol and 1 part acetic acid) for 24 h.
For cytological analysis, samples on a slides were obtained by the common method of gentle squashing. Root tips were submitted to acid hydrolysis in 1 N HCl at 60°C for 8 min, followed by washing in distilled water. The samples were stained with Schiff's staining for 2 h in the dark. For each treatment about 5000 cells were analyzed. All cells showing any type of alteration were recorded and the most significant cells were photographed for documentation of the material.
For the determination of the rate of cell division, slides containing root tip cells from both treatments were mounted as described above. Analysis was done taking into account the percentage of cells of each phase of cell division.
For assessment of the mutagenic potential, root tip cells showing irregular division such as irregular anaphases (disorganized, multipolar, delayed, etc.) , cells with chromosome adhesions, cells with micronuclei, and binucleate and/or multinucleate cells were analyzed.
The results were analyzed statistically by the Kruskal-Wallis test.
Results and discussion
In the present study, A. cepa roots treated with water samples collected during the 2001 and 2002 rainy periods did not show significant differences in the mitotic index compared to the negative control for all treatments performed (Table 1) .
A high frequency of aberrant cells was observed in A. cepa roots treated with water samples that receive tannery effluents (Table 1) . For samples collected in 2001, the frequency of aberrant cells in relation to the total number of dividing cells was higher at the PB-T site (water resulting from tannery effluent treatment) during the dry period for the continuous (6.06) and acute discontinuous Ϫ20 h (11.78) treatments (Table 1) . As mentioned earlier, during the rainy period, the frequency of aberrant cells was low at all sites and for all treatments, with no significant differences compared to the negative control ( Table 1 ). The most frequent aberrations identified in A. cepa root tip cells for the dry and rainy periods were cells with micronuclei and irregular anaphases (anaphase bridges and multipolar anaphases), as shown in Table 1 and Fig. 2 .
Analysis of A. cepa roots treated with water samples collected during the 2002 dry and rainy periods revealed a higher frequency of aberrations for the chronic discontinuous treatment (72 h). During the dry period, the highest frequency was observed at the PC site (downstream of the effluent), with a mean value of 9.62%, followed by the PB-T site (water resulting from tannery effluent PA. 1 km before the disposal site of the tannery effluent; PB-A. About 3 m before the disposal site; PB-T. Previously treated tannery effluent water before disposal into the river; PB-L. At the disposal site; PC. 1 km after the disposal site. treatment) with 9.23% and the PB-L site (site of effluent disposal) with 8.42%. These results indicate a mutagenic effect of the collected water samples probably caused by the chromium residues present in the tannery effluent and confirm by another reported, who demonstrated the genotoxic potential of chromium present in water contaminated with this metal (Liu et al. 1982 , Sahi et al. 1998 . A high frequency of aberrant cells was observed during the 2002 rainy period for samples obtained from the PB-T site and submitted to continuous (9.33%) and chronic discontinuous (9.64%) treatments, for samples obtained from the PB-A site and submitted to the acute discontinuous treatment (5.88%), and for samples obtained from the PC site and submitted to recovery treatment (8.23%).
Alterations probably induced by the action of chromium present in the water samples were observed during both the dry and rainy periods, with these changes occurring in both interphase and dividing cells. Abnormalities observed in interphase cells included cells with micronuclei and binucleate cells, with the former being the most frequent alteration. Mitotic irregularities included irregular anaphases (multipolar and anaphase bridges), chromosome breaks and losses, C-metaphases and chromosome adhesions (Table 2, Figs. 2, 3) , with anaphase irregularities being the most frequent. These findings agree with other reported (Liu et al. 1982 , Sahi et al. 1998 , who described the potential of chromium to induce mutagenic effects (C-mitosis, anaphase bridges, and chromosome adhesions and fragments) in A. cepa roots.
Chromatid or chromosome breaks might be related to the formation of intrachrosomome bridges as well as to the occurrence of chromosome fragments (Fiskesjö 1993) . It is also possible that the bridges result from chromosome adhesions which, in this case, are multiple and persist until telophase (Giacomelli 1999) . Our data agree with this statement since we noted sequences of cell divisions showing adhesion-mediated bridges which later suffered chromosome rearrangements in which fragments were duplicated to the same chromosome and segregated to the same cell pole, thus resulting in a cell with unbalanced chromosomes (Fig. 4) . Many chromosome fragments were scattered within the cell. These fragments probably resulted from simple or double breaks as well as from anaphase bridges that later suffered breaks. 
